Aims-To assess the feasibility of providing a stock of ready made spectacles for correction of refractive error in the general population. Methods-Data were collected in the Visual Impairment Project, a population based survey of Victorian residents aged 40 years or older in randomly selected urban and rural sample areas. This included a refractive eye examination and the proportion of subjects with hypermetropia, emmetropia (defined as −1.0 to +1.0D spherical equivalent), and myopia documented in the 40-60 year age group. Results-2595 (54.8%) participants were aged between 40 and 60 years. Those with a best corrected visual acuity of less than 6/12, astigmatism of more than 1.25D, and anisometropia of more than 0.5D were excluded. 516 participants had refractive error which was deemed suitable for correction by "oV the shelf " spectacles. This represents 19.9% of all participants between 40 and 60 years of age. Provision of spectacles in 0.5D increments would provide suitable stock spectacles for 85.5% of a −3.0 to +3.0D range or 89.2% of a −3.50 to +3.50D range. Conclusions-Ready made "oV the shelf " spectacles could significantly alleviate visual morbidity due to refractive error in up to 20% of an urban population in Australia. This approach may also be useful in developing countries with poor access to optometric services.
A significant proportion of the general population is visually impaired solely because of undercorrected refractive error, [1] [2] [3] this is especially true for mild degrees of visual impairment. The Baltimore Eye Survey 1 revealed that up to 75% of white US citizens with a potential visual acuity of 6/12 could improve their acuity simply with updated spectacle lenses. In the Visual Impairment Project (VIP) in Victoria, Australia, we found that 60% of participants with refractive error in their sample were not wearing distance correction. 4 The Blue Mountains Eye Study found that refraction improved acuity in 45% of participants. 3 Refractive error is one of the five priority areas for "Vision 2020," the global initiative for the elimination of preventable blindness by the year 2020. 5 It represents a common condition that can be cheaply remedied (by spectacles) with a resultant significant functional and lifestyle improvement. It has also been demonstrated that uncorrected refractive error is associated with higher mortality 6 and morbidity from hip fractures and falls. 7 However, there still exists a lack of knowledge on the global prevalence of refractive errors; recent studies have attempted to address this gap in our knowledge. Wong et al found that 74.2% of Singaporean Chinese between the age of 40 and 79 years had myopia or hyperopia ranging from −5.0D to 5.0D (excluding emmetropes). 8 It is estimated that more than 7% of Chilean children could benefit from the provision of proper spectacles 9 and that refractive error was the cause in 56% of those children with reduced vision. Zhao et al studying a rural population in China found that myopia (<−0.5D) increased from an insignificant prevalence at age 5 years to 37% for males and 55% for girls aged 15 years. 10 Similar figures of prevalence have been noted in the "developed" world: the Visual Impairment Project found a prevalence of myopia of 24% in those aged 40-49 years in Victoria, 11 and the Blue Mountains Eye Study found a prevalence of myopia and hyperopia of 72% for an Australian population aged between 49 and 97 years. 12 The global population will increase from 5.8 billion in 1996 to 7.9 billion in 2020, with an increase in the population aged over 45 years from one billion to two billion over the same period. 13 Most of this increase will take place in the developing world and will mean an increasing demand for refractive correction.
In many countries, poor supply of refraction services, supply of spectacles, and economic factors may limit access of the general population to refractive correction. The cost of individually made up spectacles would be prohibitive for large scale supply in many developing areas. The provision of ready made spectacles provided in bulk at low cost across a range of refractive corrections could potentially reduce this cost. Ready made spectacles have already shown great benefit with reading spectacles readily available for the presbyopic population.
The VIP found that 10% of participants in the project had undercorrected refractive error improvable by one or more lines of visual acuity on refraction, 14 and the risk for this increased by a factor of 1.8 for each decade of life after age 40 years. Overall, 60% of participants presenting with visual acuity of less than 6/6-2 improved their acuity by one line or more after refraction.
14 The present study used the VIP population to examine the feasibility of providing an "oV the shelf" supply of spectacles for the correction of refractive error in the communities that may not have resources available to support formal optometric services.
Methods
The Visual Impairment Project was a population based survey of Victorian residents aged 40 years or older and the methodology is described in detail elsewhere. 15 Participants were identified by a doorstep private census in nine randomly selected urban sample areas and four randomly selected rural sample areas comprising adjacent pairs of 1986 census collector districts. Data were collected from 1992 to 1996. Once identified participants were interviewed regarding demographic data and use of spectacles or contact lenses, and invited to attend the free eye examination at the local screening centre.
The refractive eye examination comprised measurement of the participant's current optical correction using the Humphrey automatic lens analyser model 330, 16 and measurement of the presenting visual acuity using the ETDRS (Early Treatment of Diabetic Retinopathy) 17 letter chart, based on the logMAR visual acuity chart developed by Bailey and Lovie. 18 A directional E chart was used for those who did not know the Latin alphabet. If the visual acuity was less than 6/7.5 (20/25) in either eye, an objective and subjective refraction was conducted using the Humphrey automatic refractor (Carl Zeiss Pty Ltd, Germany). 19 A manual refraction was then attempted on all participants (using the Humphrey objective as a guideline). The presence or absence of distance optical correction in those with refractive error was recorded.
Best corrected near visual acuity was measured using the logMAR word reading card (designed for use at 25 cm) used at the participant's preferred reading distance, which was recorded.
The type of refractive error was based on spherical equivalent 20 (although astigmatism and anisometropia were also assessed) and divided into hypermetropia, emmetropia, and myopia. Emmetropia was defined as refractive error >−1.0 and < +1.0 dioptre (D), myopia defined as −1.0 D or less and hypermetropia as +1.0 D or more.
Data analyses were performed with SAS software (SAS institute, Cary, NC, USA).
Feasibility of use of "oV the shelf" spectacles was considered to be greater in the 40-60 year age group as above this age other ocular morbidities become more frequent, decreasing the best corrected visual acuity (BCVA). The present study was therefore limited to this age cohort. The ametropic subjects were divided into half dioptre steps to maximise the benefit (in terms of BCVA) to a population to be served by this provision.
Results
A total of 5615 eligible residents were identified (3912 urban and 1703 rural), of who 4735 (84%) completed vision assessment; 2595 (54.8%) participants were aged between 40 and 60 years and were included in these analyses. Of these, 87 (3.4%) had a presenting best corrected visual acuity of more than 6/12 in either eye and were therefore excluded as visual potential was limited by ocular morbidity other than refractive error. Anisometropia of more than 0.5D was found in 275 patients, astigmatism of 1.25D or more in 171, and both in 135 patients, giving a total of 581/2595 (22.4%) who were deemed unsuitable for "oV the shelf " spectacles and therefore excluded from the present study.
This left 1927 (74.3%) who would be suitable for "oV the shelf" spectacles if needed. Of these 1411 (73.2%) were emmetropic (defined as −1.0 to +1.0D spherical equivalent). Therefore, 516/1927 (26.8%) participants had low astigmatic (less than 1.25D) or non-astigmatic refractive error and would be suitable for "oV the shelf" spectacles depending on the range of dioptric power stocked (Fig  1) . This represents 19.9% of all participants between 40 and 60 years of age.
The supplied range of "oV the shelf" spectacles available could be limited from +3.0 to −3.0D or +3.5 to −3.5D in 0.5D increments. Analysis of the distribution of refractive error from the VIP across these ranges is outlined in Table 1 .
The range of +3.0 to −3.0D with 12 half dioptre steps would provide suitable stock spectacles for 441/516 (85.5%). This would include 160/441 (36.3%) participants with correctable myopia and 281/441 (63.7%) with correctable hyperopia. The range of +3.5 to −3.5 with 14 half dioptre steps would provide suitable stock spectacles for 460/516 (89.2%). This would include 173/460 (37.6%) participants with correctable myopia and 287/441 (62.4%) with correctable hyperopia.
Discussion
This study has found that about 20% of the Victorian population (both rural and urban) in the age range 40-60 years would be suitable for refractive correction using "oV the shelf" spectacles. We have found that providing stock spectacles across a 6D and 7D range would cover 85.5% and 89.2% respectively of the non or low astigmatic, non-anisometropic population with refractive error (Fig 2) . These figures include all those with refractive error whether already corrected or not. Approximately one third of these participants were myopic, the remaining participants were hyperopic.
The strength of the Visual Impairment Project is that it is truly representative of the population with its inclusion of both a rural and urban sampling within the study population. The population is also multicultural with significant numbers of first generation Australians of South East Asian, Italian, Greek, and Lebanese ancestry, as well as the white population. 14 Demand for ready made spectacles may be low in urban Australia but this study may be of practical application in diverse communities, especially in countries when optometric resources maybe limited or non-existent. We accept that our study is based in a "developed" community and therefore application of the findings to developing countries may be limited. However, a recent study has found refractive error as a cause of correctable low vision in 19% of adults over 30 years of age in Bangladesh. 21 A further study reveals 16% of blindness in participants of all ages was due to refractive error in Andhra Pradesh, India. 22 Many developing countries do not have optometrists or others trained in refraction or dispensing a prescription of spectacles. Ready made spectacles could easily be provided by paramedical staV with basic training in subjective refraction and dispensing.
The improvement in visual acuity can go to some length to address the aims of Vision 2020, in some cases bringing a "rudimentary" optometric service to areas where none may have existed heretofore, thus targeting a population who may not have the benefit of regular examinations, health education, and may be on a low income.
The provision of the spectacles should result in improvement in morbidity and mortality, 6 7 also alleviating other consequences of poor visual acuity including decreased mobility, quality of life, and independence. The 40-60 year age range also constitutes a significant economic force in most countries and the improved vision has practical implications in this regard. We have not quantified refractive error in younger age groups and further study is required to determine the feasibility of a similar provision for these age ranges that may also benefit greatly from this service. The studies by Maul et al 9 and Zhao et al 10 illustrate that refractive error is a significant problem in younger age groups in the developing world.
In order to deliver a refractive service to the appropriate populations the steps 13 to be followed are: + Screening-to identify individuals who would benefit from the service + Refraction-evaluation of the patient to determine their suitability for the stock spectacles (a low cost autorefractor would make the least demand in training of use) + Manufacture-of the spectacles-locally, purchased externally, or donated + Dispensing-issuing of the spectacles and ensuring a good fit + Follow up-repair and repeat dispensing.
EVective organisation could feasibly deliver the service to remote communities with poor access to health services generally.
This study has outlined that a campaign to improve the vision of large numbers of people with refractive error in line with Vision 2020 is warranted and feasible with potentially great benefits to be reaped. 
